One of the key end-points for understanding the molecular basis of the breast in its normal and cancer status is the quantitation of gene expression in specific cell populations. Microdissection techniques allow extraction of morphologically distinct cells for molecular analysis. The objective of this study was to determine the optimal RNA isolation and amplification to perform genomic expression analysis using the microarray technique from normal breast paraffin-embedded tissue samples using laser capture microdissection (LCM). We isolated epithelial and interlobular stroma cells from normal breast tissue and the total RNA was amplified using a PCR methodology developed by us, and in parallel the same starting material was used for amplification using the linear methodology. After two rounds of RNA amplification, we checked the quality of each amplified RNA and carried out the hybridization with cDNA glass-microarrays employing 15,000 genes for each replicate. In conclusion, we have successfully demonstrated that our PCR methodology is accurate and precise and give us a higher yield of amplified RNA from small number of cells obtained from LCM compared with the typical linear amplification methodology.
Introduction
The breast is a bilateral organ that in the female undergoes dramatic changes in size, shape, and function in association with infantile growth, puberty, pregnancy, lactation, and post-menopausal regression (1) (2) (3) (4) . The fact that the breast is the source of the most frequently diagnosed malignancy in the female population (5, 6) requires to fully understand how the various phases of development are influenced by reproductive events, because they will ultimately determine the risk of developing breast cancer (3, 4, 7) . The breast tissue of normally cycling non-pregnant adult women contains two identifiable types of lobules, the lobule type 1 (Lob 1) and the more developed lobule type 2 (Lob 2). During pregnancy and lactation two new lobular structure emerge the lobule type 3 (Lob 3) and lobule type 4 (Lob 4) respectively (3) . Breast development occurs through a process of ductal elongation, branching and sprouting of ductules or acini, a process that requires extensive cell proliferation and penetration of the ductal epithelium into the stroma (3) . Both the intralobular and the interlobular stroma are affected simultaneously during development, pregnancy, lactation, and involution (8, 9) . These processes occur, in turn, in a synchronous manner in response to specific hormonal and growth factor stimuli (3, (8) (9) (10) . Based on these biological considerations is of utmost importance to determine efficient methods to isolate and amplify RNA from small samples and to determine that this procedure can be applied to laser captured epithelia and the stroma of the breast. This in turn will allow us to understand the molecular process imprinted in the human breast during development, parity or hormonal exposure.
In the present work, we used laser capture microdissection (LCM) to selectively obtain pure cell populations from the breast epithelial ductal structures and from the stroma for RNA isolation (11) (12) (13) (14) . The technique allows the precise extraction of pure cell populations from fixed tissue sections by adhering the selected cells to a thermoplastic film by using an infrared laser pulse (15) . When the film is lifted, the 'captured' cells can be transferred directly into a digestion buffer for extraction of nucleic acids for subsequent analysis (16) . Several studies have shown the genomic expression from isolated tumor breast cells using LCM (17) (18) (19) (20) (21) (22) (23) , however very few publications (20) (21) (22) (23) (24) show the successful gene expression study using microarrays technologies from laser captured breast epithelial cells from paraffin-embeddednormal breast tissue. Another objective of the present work is to compare two different methods of RNA amplification, the linear one already described in the literature (25, 26) and a PCR based method developed in our laboratory. Altogether, the final objective is the optimization of the cells obtained by LCM from ethanol fixed and paraffin-embedded breast tissue for obtaining good quality and high yield of RNA to perform genomic studies using the cDNA microarray. 
Materials and methods
Breast tissue and slides preparation for LCM. The normal breast tissue was obtained from a reduction mammoplasty from a postmenopausal woman after respective informed consent forms had been signed by the patient, according to the regulations of the Human Subjects Protection Committee. Fragments of breast tissue were fixed in ethanol 70% for 8 h at room temperature, and then were embedded in paraffin. Sections of 5 μm were cut and stained with hematoxylin and eosin and then the laser capture microdissection (LCM) was performed.
Laser capture microdissection from breast tissue. The laser capture microdissection was performed using the PixCell II LCM system (Arcturus Engineering, Mountain View, CA). Fig. 1 shows the representative image of the epithelium and stroma cells before and after laser capture microdissection.
Determination of the number of cells captured from LCM.
In order to investigate how many cells was extracted using LCM and how is the correlation between the number of the cells and the RNA isolated, we performed a curve using the pool of the RNA isolated in each patient and the number of the cells calculated using the following formula: Number of cells = [(s/t) x (m/r) x (n)] x N. In this formula, s = s ize of the probe used for LCM (in μm); t = size of the cells (in μm); m = thickness of the cell captured (μm); r = thickness of the cell (μm); n = number of captures observed in the capsule after LCM; and N = number of the replicates. For example, if in the capsule 100 captures were observed, we used a 30-μm probe size to perform LCM and if the size of the epithelial cells was 12 μm, the number of the cells would be = [(30 μm/12 μm) x (6 μm/12 μm) x 100] x 3 = 375 cells. Fig. 2 shows the curve of total RNA concentration isolated from LCM of breast epithelial cells and interlobular stromal cells versus the number of captured cells.
RNA isolation from LCM samples. From the LCM capsules, the RNA was isolated using TRIzol (Invitrogen, Inc.). The concentration and the quality of total isolated RNA were measured in the nanodrop (Nanodrop Technologies, Inc.) and in the Bioanalyzer (Agilent technologies). We used the RNA obtained from the laser capture microdissected epithelia and stroma of the normal breast for amplification using the PCR-RNA amplification developed in our laboratory (Fig. 3 ) and the established linear amplification method (Fig. 4) . The RNA was isolated by placing the LCM cap in a 50-μl of TRIzol reagent. The cells were in contact with the reagent and placed on ice for 30 min (it can be stored overnight at -20˚C). The following step was incubation at room temperature for 5 min, followed by centrifugation for 15 min at 13,000 rpm at 4˚C, and addition of 20 μl of chloroform for every 50 μl of TRIzol. The mixture was added to PLGT Heavy Gel tubes, previously centrifuged for 2 min at 13,000 rpm, and centrifuged at 13,000 rpm for 15 min at 4˚C. The aqueous phase was collected and 200 μl of 100% EtOH, 2 μl of linear acrylamide, and 20 μl of AcNaOH were added followed by incubation for 2 h at -80˚C. At the end of the incubation, the sample was centrifuged at 13,000 rpm at 4˚C for 30 min. The pellet was dried and washed with 200 μl of 70% EtOH. After mixing, it was spun at 13,000 rpm at 4˚C for 15 min. The pellet was dried by removing EtOH in vacufuge for 2-3 min. The pellet was dissolved in 11 μl of DEPC water and measured in Nanodrop.
PCR-based RNA amplification procedure. The total RNA was amplified using a PCR method based on dT-T7-RNA amplification. The amplification procedure involves four steps ( Fig. 3 ): 1) the cDNA synthesis using the RT enzyme (SuperScript from Invitrogen), 2) the amplification based on dT-T7 and switch T7 primers (Table I) , 3) the in vitro transcription reaction and 4) the RNA purification and quantification. We performed two rounds of amplifications. We have used as reference a human universal reference RNA from Stratagene that was amplified identically to the sample under study. The RNA amplification procedures are described schematically in Fig. 3 and in detail below.
Step 1: reverse transcription. We started with 8 μl of total RNA (100 ng) and added 1 μl of oligo dT-T7 primer (20 μm) (see sequence in Table I ). We incubated the mixture at 70˚C for 10 min, chilled on ice, spun and added 4 μl First Strand Buffer (5X), 2 μl DTT (0.1 M), 2 μl d'NTP mix (10X), 1 μl Switch T7 primer (20 μm) (see sequence in Table I ), 1 μl RNA sin (40 U/μl). The reaction was incubated at 37˚C for 1 min and then 1 μl SuperScript II (200 U/μl) was added followed by incubation at 42˚C for 1 h and addition of 1 μl SuperScript II (200 U/μl). The reaction was incubated at 42˚C for 1 h and at 95˚C for 3 min.
Step 2 (8 min) and 4˚C (hold). The cDNA was cleaned using the QIAquick PCR purification kit. For this purpose we added 500 μl of binding buffer (Buffer PB from the QIAquick PCR purification kit) to the sample and placed the whole volume into the column. This step was followed by centrifugation for 15 sec at 8,000 rpm. The flowthrough was discarded and 750 μl of Buffer PE (from the QIAquick PCR purification kit) was added followed by centrifugation for 15 sec at 8,000 rpm. The flowthrough was discarded and 500 μl of Buffer PE (from the QIAquick PCR purification kit) was added followed by centrifugation for 1 min at 8,000 rpm. The flowthrough was discarded and the column was placed into a new Eppendorf tube followed by addition of 50 μl of EB 1/10 (Elution buffer diluted 1/10 with PCR grade water) (from the QIAquick PCR purification kit) and incubation at room temperature for 1 min. The mixture was centrifugated for 1 min at 8,000 rpm and followed by addition of 50 μl of EB 1/10 (Elution buffer diluted 1/10 with PCR grade water) and incubation at room temperature for 1 min. The mixture was centrifuged for 1 min at 8,000 rpm and dried in the vacuum machine at 30˚C for 45 min, until reaching an 8-μl final volume.
Step 3: in vitro transcription (IVT) reaction. For the IVT reaction, we used reagents from the AmpliScribe T7 Transcription Kit from Epicentre Technologies (Cat no. AS3107). We started using the 8 μl of purified PCR from Step 2 and added 4 μl of AmpliScribe T7 Buffer (10X), 4 μl of DTT (100 mM), 3 μl of ATP (100 mM), 3 μl of CTP (100 mM), 3 μl of UTP (100 mM), 3 μl of GTP (100 mM), 1 μl of RNase out, 1 μl AmpliScribe T7 enzyme solution and 10 μl PCR grade water. The mixture was incubated for 3 h at 37˚C, followed by another incubation for 1 h at 42˚C. To this reaction 1 μl of DNAse (from AmpliScribe T7 Transcription Kit) was added and incubated for 15 min at 37˚C. Table I . Description of the primers for cDNA amplification.
Oligo Dt-T7 primer 5'-gca tta gcg gcc gcg aaa tta ata cga ctc act ata ggg aga ttt ttt ttt ttt ttt ttt ttt-3 Primer 2 Switch primer 5'-aaa cga cgg cca gtg aat tgt aat acg act cac tat agg cgc ggg-3' ----------------------------------------------------------------------------------------------------- Step 4: RNA purification and quantification. For the RNA purification we used the RNeasy mini kit from Qiagen cat no. 74104. To perform the RNA purification we followed the manufacturer's instructions and eluted twice with 50 μl of PCR grade water. The quantification was performed employing 1 μl of the purified RNA in the nanodrop (Nanodrop Technology). Ratio of 260/280 nm was used to evaluate the purity of the amplified RNA.
Linear amplification procedure. We employed a modification of the Eberwine amplification procedure (15) modified by Upson-Bellacosa (UB) (16) (Fig. 4) . In this procedure a double-stranded cDNA (ds-cDNA) was synthesized from 1 μg of total RNA using the SuperScript Double-Stranded cDNA Synthesis Custom Kit (Invitrogen, Carlsbad, CA), then mixed with 2 μl of 20 μm oligo-(dT)24-T7 primer [5'-AAACGAC GGCCAGTGAATTGTAATACGACTCACTATAGGCGC-(dT)24-3'] in a total reaction volume of 11 μl to initiate firststrand cDNA synthesis. The oligo-(dT)24-T7 primer and RNA were heat-denatured at 70˚C for 10 min, followed by annealing at 42˚C for 2 min. Four microliters of 5X first-strand reaction buffer (Invitrogen), 1 μl of 10 mM dNTPs, 2 μl of 0.1 M DTT, 0.8 μl of T4gp32 (5.0 mg/ml) (USB), 1 μl of RNasin (40 U/μl) (Promega, Madison, WI), and 1 μl of SuperScript II (200 U/μl) were added to the reaction and incubated at 42˚C for 2 h. The reaction was heat-inactivated at 65˚C for 15 min and chilled on ice for 5 min. For secondstrand synthesis, 30 μl of 5X second-strand reaction buffer, 3 μl of 10 mM dNTPs, 4 μl of DNA Polymerase I (10 U/μl), 1 μl of E. coli RNase H (2 U/μl), 1 μl of E. coli DNA ligase (1 U/μl), and 41 μl of RNase-free water were added to the reaction and incubated at 16˚C for 2 h. Two microliters of T4 DNA Polymerase (5 U/μl) were added to the reaction and incubated at 16˚C for an additional 15 min. The reaction was heat-inactivated at 70˚C for 10 min. The resulting ds-cDNA was extracted with phenol/chloroform and then again with chloroform. The purified ds-cDNA was washed three times each with 500 μl RNase-free water in Microcon YM-100 spin columns (Millipore, Bedford, MA), centrifuged at 500 g for 18 min. The ds-cDNA was eluted and adjusted to a final volume of 9 μl for amplification by T7 RNA Polymerase. The Ampliscribe T7 transcription kit (Epicentre Technologies, Madison, WI) was used for two consecutive rounds of in vitro RNA transcription. Nine microliters of the ds-cDNA, 2 μl of 10X reaction buffer (Epicentre), 1 μl each of 100 mM ATP, GTP, CTP, and UTP, 2 μl of 100 mM DTT, 1 μl of RNasin (40 U/μl) (Promega), and 2 μl of T7 RNA Polymerase (Epicentre) were incubated at 37˚C for 5 h. The subsequent amplified, complementary RNA (aRNA) was extracted and a second round of RNA amplification was conducted, using the aRNA as a template to synthesize ds-cDNA. The resulting aRNA was extracted and adjusted to a final volume of 20 μl, the quality of aaRNA and the concentration was measured in the nanodrop and in the bioanalzyer (Agilent Technologies, CA).
Labeling and cDNA human microarrays. We have adopted the direct labeling of probes with amine-modified random primer using; 5 μg of aaRNA as starting material. The 5 μg of aaRNA (8 μl) was combined with amine-modified random primer (2 μg/μl, 1 μl) and RNase inhibitor (5 U/μl, 1 μl).
The mix was incubated at 70˚C for 10 min, and then chilled on ice for 10 min. Primer-RNA solution was added to the reverse transcriptase mix (5X first-strand buffer, 6 μl; 50X aa-dUTP/dNTPs (25 mM dATP, dGTP, and dCTP, 15 mM dTTP, and 10 mM aminoallyl-dUTP), 0.6 μl; DTT, 0.1 M, 3 μl; SuperScript II reverse transcriptase (Invitrogen/Life Technologies), 2 μl) and incubated at 42˚C for 2 h. The reaction was terminated by adding EDTA (0.5 M, 10 μl), and the RNA was hydrolyzed with NaOH (1 M, 10 μl) at 65˚C for 30 min.
Probe purification. Probes were cleaned with a QIAquick PCR purification kit (Qiagen); the Cy3-and Cy5-labeled products were combined, followed by 500 μl of Buffer PB. The samples were applied to QIA quick columns, which were centrifuged at 13,000 rpm for 1 min, after which the flowthrough were discarded. To wash the columns, 750 μl of etanol 80% was added, columns were spun again for 1 min, and the flowthrough were discarded. The washing step was repeated once more, and columns were spun again to remove residual ethanol. Fresh collection tubes were placed beneath each column, 40 μl of PCR-grade water at 70˚C was added, and tubes were incubated for 3 min at 70˚C. Columns were centrifuged at 13,000 rpm for 1 min. Elutes were partially dried in a vacuum centrifuge and then resuspended in 15 μl of hybridization buffer.
Hybridization and washing conditions. The Cy5-labeled probes (15 μl) were combined with its corresponding human reference Cy3-labeled probes (15 μl). The probes were denatured at 98˚C for 3 min and spun at 13,000 rpm for 3 min at room temperature. The products were pipetted onto arrays, coverslips were applied, and the slides were placed in a hybridization chamber (GeneMachines, from GeneMachines Company). Arrays were incubated in a water bath at 42˚C for 16 h, and subsequently washed with 0.5X SSC, 0.01% (wt/vol) SDS, followed by 0.06X SSC, at room temperature for 10 min each. Slides were spun for 5 min at 800 rpm (130 g) at room temperature.
Array scanning. Arrays were read with a Affymetrix 428 fluorescent scanner (MWG Technologies) at 10 μm resolution and variable photomultiplier tube (PMT) voltage settings to obtain the maximal signal intensities with <1% (wt/vol) probe saturation. The resulting images were analyzed using ImaGene version 4.2 and GeneSight version 4.0 (Biodiscovery, Inc., San Diego, CA) software.
Analysis. After Lowess normalization, the data were analyzed using GeneSigh 4.0 software (Biodiscovery, CA).
Quality control of amplified RNA by real-time RT-PCR.
For real-time PCR (RT-PCR), the cDNA was synthesized for the control genes 18S, milk fat gene, whey acidic protein, inhibin alpha and beta gene using Taqman primer and probe set sequences. A ready to use primer and probe set pre-designed by Applied Biosystems (Assay-on demand Gene Expression Product from ABI) was used for the detection of the gene expression. All RT-PCR reactions were performed on the ABI PRISM 7000 Sequence Detection System (Applied Biosystems) using the fluorescent Taqman methodology (TaqMan One Step RT-PCR Master Mix Reagents, Applied Biosystems). The PCR cycle at which the fluorescence arises above the background signal is called the cycle threshold (C t ). We used 100 ng of amplified RNA for each RT-PCR reaction in a total volume of 50 μl. Primer and probe concentration for the target gene were optimized according to the manufacturer's procedure. The thermal cycling conditions comprised 30 min at 48˚C, 10 min at 95˚C and 40 cycles of 15 sec denaturalization at 95˚C and 60 sec annealing at 60˚C. The results were expressed as relative gene expression (RGE) using the ΔC t method, as described by Livak and Schmittgen (28) and Benoy et al (29) .
Results and Discussion
In the present work, we present evidence for optimal RNA isolation and amplification to perform genomic expression by cDNA microarray in laser captured microdissected epithelial and stroma cells of normal breast paraffin-embedded tissue. We have isolated epithelial and interlobular stroma cells from normal breast tissue (Fig. 1) . Studying the captured cells we have established a formula that allows us to calculate the number of cells and the amount of RNA isolated from them. As we expected, the concentration of total RNA in the microcaptured epithelial cells was greater than the one obtained in the interlobular stroma cells (Fig. 2) . This is explained by the fact that the number of nuclei in the interlobular stroma is significantly lower compared with the number of nuclei captured in the epithelial cells. The total RNA isolated was split in order to be amplified in parallel using both the PCR-based (Fig. 3) and the linear RNA amplification methodologies (Fig. 4) . Table II shows the concentration of the initial starting RNA, the concentration of the aRNA in μg/μl, the volume in μl, the ratio 260/280 and the times of amplification of mRNA. The amplified RNA yield increased nearly 1,200-fold with 20 cycles in the PCR methodology after two rounds of amplification. As expected, the yield with the linear amplification procedure after two rounds of amplification was significantly lower, 54-and 80-fold compared to the original RNA for the epithelia and stroma respectively (Table II and Fig. 5 ). The quality and the integrity of the amplified RNA using the PCR methodology was checked by the Bioanalyzer (Agilent Technologies) (Fig. 6) . Table II . RNA amplification by PCR and linear methodology. ---------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------- The fluorescent probes were performed in triplicate and after checking the quality, the replicate from the same sample was combined and re-distributed into 3 separate tubes in order to have an identical replicate. Equal amount of fluorescent probe was used to hybridize to cDNA microarrays containing 15,000 genes, placing in the green channel (Cy3) the human universal reference RNA and in the red channel (Cy5) the amplified RNA samples. Fig. 7 represents the images of microarrays from epithelial ( Fig. 7A ) and stroma cells-LCM (Fig. 7B ) from the two round-amplified RNA (aaRNA) using linear methodology (Fig. 7, right side) and from the aaRNA using PCR methodology (Fig. 7, left  side) .
We have performed the data analysis considering replicates; we combined the replicates from each condition such as aaRNA linear method and aaRNA by our PCR method. We employed the GeneSight software version 4.2 to analyze the gene expression profile. Typically, local background correction takes place spot by spot before replicate combination. GeneSight determines which values to combine by comparing the Gene IDs and combining all spots with the same ID. The combined replicate transformations also eliminate the outlier features compared with the other values for the same gene ID. For the remaining genes, the software computes the coefficient of variance, as a measure of confidence, which is available later for queries and the report. Lowess method was used to perform the data normalization, selecting a quadratic degree of fitness. We used a sub-grid normalization scope, omitting all the outliers and flagged spots from 1 to 7. The scatter plot of Fig. 8 represents the gene expression of 12,565 genes out of 15,000 genes, showing a comparison between amplified RNA using linear methodology versus amplified RNA using PCR methodology. The correlation coefficient from both methodologies was 0.87 demonstrating that differences in gene expression for samples amplified using linear and PCR protocols are minor. We have further verified the correlation between both methods by processing frozen tissue of rat mammary gland, mouse liver and human breast tissue (Fig. 9 ). The quality of the amplified RNA using the PCR methodology was checked by the Bioanalyzer and in all the cases the amount of the aaRNA was higher using our PCR methodology than the linear one. We hybridized cDNA microarrays containing 15,000 genes, placing in the green channel (Cy3) the human universal reference RNA and in the red channel (Cy5) the RNA samples. The quality of the array was highly comparable and the scatter plots of gene expression comparison between amplified RNA using linear methodology versus amplified RNA using PCR methodology. The correlation coefficient from both methodologies was 0.87 for the rat mammary gland, 0.72 for the mouse liver and 0.89 for the human breast (Fig. 9) . As another quality control we have validated by real-time PCR (RT-PCR), the genes 18S, milk fat, whey acid protein, inhibin alpha and beta genes using Taqman primer and probe set sequences, as indicated in Fig. 10 . The data show that the relative gene expression was not significantly different between the total RNA versus the amplified RNA by both procedures.
Altogether, the present work demonstrated the proof of principle that paraffin sections of ethanol breast fixed tissue can be used for LCM and sufficient quality of amplified RNA for high-density cDNA microarray analysis can be produced. The data presented indicate that the quality and reproducibility of PCR RNA amplification procedures are quite comparable with the traditional linear methodology. We show that the correlation between the gene expression analysis from both methods is high -the amplification procedure maintains the gene expression profile of the original sample. Our PCR method of RNA amplification is fast, two rounds of amplification can be done in 3-4 days and is economical, because it needs less reagent compared to the linear amplification procedure. It is accurate, keeping intact the integrity of the original RNA and most importantly it gives a very high yield, enough to perform genomic studies from LCM samples from normal breast tissue.
